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Description 

The invention relates to a high speed pipeline merge 
sorter with a run length tuning mechanism. 

A conventional control data generator for a sort proc- 
essor such as shown in FIG. 1 of the Proceedings of the 
Japanese Electronic Communications Society, J66-D, 
March 1983, p 333, is shown in FIG. 6. The control data 
generator includes four sort processors 1-4, four mem- 
ories 5-8 each corresponding to each sort processor, and 
an indicator 9 for the length (L) of data set by the sort 
processor. The i-th sort processor from left is provided 
with a memory which has a capacity of 2 M L 

In operation, the data to be sorted is sequentially in- 
put into the sort processor 1 . The sort processor 1 stores 
one of the input data in the memory 5 and compares it 
with the next input data. For sorting in descending order, 
the sort processor 1 first outputs the greater one between 
the two data and then the smaller one to the next sort 
processor 2. This operation is repeated in the sort proc- 
essor 1 . 

The sort processor 2 stores the descending order 2 
data set in the memory 6, in which the two data are sorted 
in descending order, and merges it with the next input 
descending order 2-data set to output a descending or- 
der 4 data set to the sort processor 3. This operation is 
repeated in the sort processor 2. 

Generally, the i-th sort processor merges the de- 
scending order 2 M -data set sent from the (i-1)th sort 
processor to output a descending order 2' -data set to 
the (i+1)th sort processor. This operation is repeated in 
the i-th sort processor. Thus, when N (= 2 n ) data are in- 
put, the n-th sort processor outputs a descending order 
N-data set sorted. 

The above operation, however, is possible only if the 
length (X) of data to he sorted is either equal to or less 
than the length (L) of data set by the sort processor. 

In accordance with the Proceedings of the 5th Inter- 
national Workshop on Database Machines, October 
1986, p 144, even if the input data length (X) is greater 
than the set data length (L), it is possible to sort a great 
number of such data by dynamically switching the first 
sort processor 1 between the MRG mode in which merge 
is carried out as described above and the NM mode in 
which no merging operation is performed, with the input 
data directly transmitted to the sort processor 2, depend- 
ing on the input data length (X) to thereby use the mem- 
ories 5-8 more efficiently. 

For example, let X = 1.1 L in the descending order 
sorting. Since the capacity of the memory 8 for the sort 
processor 4 is 8 L, it is possible to store seven data in 
the memory as follows: 

8 UX = 8 L/1 .1 L = 7.27... 7 (integer part). The sort 
processor 3 outputs a descending order 7-data set hav- 
ing a data length of 7 to the sort processor 4 and repeats 
this operation. The sort processor 2 repeats outputting 
a descending order 3-data set and a descending order 
4-data set to the sort processor 3. The sort processor 1 



repeats outputting descending order 1-data, 2 data, 
2-data, and 2-data sets to the sort processor 2. These 
operations are shown in FIG. 5. 

In FIG. 5, the data 1 7-30 to be input to the sort proc- 

5 essor are shown in the inputting order. Symbols NM 31 
and MRG 32-37 indicate that the sort processor 1 is 
brought into control in the NM mode for data 17 and 24 
and into the MRG mode for data 18, 25, etc., respective- 
ly. The value (n) of a descending order n-data set to be 

10 generated by the sort processor 3 is shown at 10. Simi- 
larly, the values (n) of descending order n-data sets to 
he generated by the sort processor 2 are shown at 11 
and 12. The values (n) of descending order n-data sets 
to be generated periodically by the sort processor 1 are 

15 shown at 13-16. The sort processors 1, 2, and 3 in FIG. 
6 are represented by P 1( P 2 . and P 3 . 

In this way, the third sort processor 3 always outputs 
a descending order 7-data set to the fourth sort proces- 
sor 4. Thus, with the control data generator for a sort 

20 processor of FIG. 6, it is possible to sort 14 data under 
the above conditions. However, the procedure of gener- 
ating the control data is so complex that there are no 
ways but by programming. As a result, the sorting capa- 
bility has been impaired. 

25 

Summary of the Invention 

Accordingly it is an object of the invention to provide 
a high speed pipeline merge sorter with a run length tun- 
30 ing mechanism, which requires no programmes for gen- 
erating the controll data and is made of simple and inex- 
pensive hardware to efficiently generate the control data, 
thus providing the increase sorting capability 

This object is solved by a sorter having the features 
35 of the single patent claim. 

The above and other objects, features and advan- 
tages of the invention will become more apparent from 
the following description when taken in conjunction with 
the accompanying drawings. 

40 

Brief Description of the Drawings 

FIG. 1 is a block diagram of a control data generator 
for a sort processor according to an embodiment of 

45 the invention; 

FIG. 2 is a block diagram of a control data output 
unit for use in the control data generator of FIG. 1 ; 
FIG. 3 illustrates how to invert the bit order by the hit 
order inverter of FIG. 2; 

so FIG. 4 illustrates how to generate and process con- 
trol data according to another embodiment of the 
invention; 

FIG. 5 illustrates how to generate and process con- 
trol data according to the prior art and the embodi- 
es mentof FIG. 1; and 

FIG. 6 is a block diagram of a conventional control 
data generator for a sort processor. 
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Description of the Preferred Embodiment 

In FIG. 1, like reference numerals designate like or 
corresponding parts of FIG. 6, This control data genera- 
tor further includes a control data output unit G. 

In FIG. 2, the control data output unit G includes a 
pair of latch registers A and B for storing information 
about the length of data input from a disk device, etc., a 
counter C for counting the output of the latch register A, 
a bit order inverter D for converting the most significant 
bit to the least significant bit of an output from the counter 
C, the second MSB to the second LSB, and so on as 
shown in FIG. 3, a comparator E for comparing the output 
of the bit order inverter D with the output of the latch reg- 
ister B, and a control Data generating unit F for generat- 
ing control data based on the output of the comparator E. 

The control data is used for switching between the 
first function or NM mode in which the input data is stored 
in the corresponding memory outputted without merging 
and the second function or MRG mode in which the input 
data are merged in the specific order and outputted from 
the corresponding memory for later use. Each sort proc- 
essors 1-4 has both the NM mode and the MRG mode. 
The comparator E of FIG. 2 is designed to output a logic 
0 when a signal from the bit order inverter D is greater 
than a signal from the latch register B and otherwise a 
logic 1 . 

In operation, when the input data length (X) from a 
disk device, etc. is greater than the set data length (L) in 
the sort processer (X>L), a d-th sort processor from left 
in FIG. 1 is selected to compute a value of (2 d UX), (2 e 
- 1) and a are stored in the latch registers A and B, re- 
spectively, wherein (2 d UX\ = 2 e + (0 < a < 2 e ). 

Then, the control data output unit G starts generat- 
ing control data. 

When the control data is generated, the data is 
transferred from the latch register A to the counter C for 
counting. The data from the counter C is inverted in bit 
order by the bit order inverter D and then compared in 
the comparator E with the data from the latch register B. 
The control data generating circuit F outputs control data 
indicative of the NM mode if the comparison result is a 
logic 1 and control data indicative of the MRG mode for 
the present and next input data if the comparison result 
is a logic 0. 

When the inputting operation for the data is complet- 
ed, the content of the counter C is decreased by 1 . When 
this content becomes negative, it is transferred from 
latch register A to the counter C. A similar process is re- 
peated for recorded data from a disk device, etc. The 
control data from the control data generating circuit F is 
transferred to the selected sort processor so that the sort 
processor operates according to the control data. Hence, 
the data input from a disk device, etc. is sorted by the 
sort processor and transmitted to a host computer, etc. 

Although the values 13-16 of FIG. 5 are discussed 
in the above embodiment, an imaginary sort processor 
P Q may be provided to generate the corresponding val- 



ues 38-45 as shown in FIG. 4. In this case, 2 f and a are 
stored in the latch registers A and B, respectively, where- 
in [2 d UX] = 2 f - a (0 <a< 2 f ). The counter C is an incre- 
ment counter with the initial value of 0. The comparator 
E is modified to output a logic 1 if a value of the data from 
the bit order inverter D is less than a value of the data 
from the latch register B and otherwise a logic 0. The 
control data generating circuit F outputs control data 
about the NM mode if the data of the comparator E is a 
logic 1 and otherwise control data about the MRG mode. 
The counter C is incremented by 1 when the process of 
each data is completed and if the comparator E outputs 
a logic 1 , and rest to 0 if the result becomes greater than 
a value of the latch register A. The above configuration 
produces the same results as those of FIG. 5. 

Alternatively, the control data output unit G may be 
connected to only the first sort processor 1 in FIG. 1 , and 
control data may be sequentially transferred from the first 
sort processor 1 to the second sort processor 2 to the 
third sort processor 3 along with the input data to thereby 
simplify the connection between the control data gener- 
ating unit and the sort processor. 

As has been described above, in accordance with 
the invention, the control data generator for a sort proc- 
essor includes a control data output unit which consists 
of a memory for storing information about the input data 
length and a control data generation circuit for generat- 
ing control data to make switching between the first and 
second functions based on the information from the 
memory, whereby control data is generated efficiently by 
the simple and inexpensive hardward without using any 
control data generation program, thus providing the en- 
hanced sorting capability regardless of the data length. 



35 

Claims 

1 . A high speed pipeline merge sorter with a run length 
tuning mechanism, which comprises: 

40 

a plurality of memories (5, 6, 7, 8) for storing in- 
put data, 

a plurality of sort processors (1, 2, 3, 4) each 
45 connected to each said memory and having a 

first function (NM) for storing in and outputting 
from each said memory input data without 
merging and a second function (MRG) for merg- 
ing input data in a specified order and outputting 
so said merged input data from each said memory, 

a control data generating means (G) connected 
to said sort processors (1 , 2, 3, 4) for generating 
control data depending on information about the 
55 lengths of said input data and thereby switching 

said sort processor between said first and sec- 
ond function, 

characterized in that said control data genera- 
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tion means (G) comprises: 

first and second latch registers (A) and (B) for 
storing said information about the lengths of 
said input data, whereby the integer value $ 
stored in the first latch register (A) is 2 e - 1 and 
the integer value stored in the second latch reg- 
ister (B) is obtained from the integer value 
[2 d L/X] = 2 e + a by the d-th sort processor, and 
where L represents the length of a data set by 10 
the merge sorter and X the length of input data 
supplied from outside and 0< a <2 e , 

a counter (C) connected to said first latch reg- 
ister (A) for counting data of said first latch reg- is 
ister, 

a bit order inverter (D) connected to said counter 
(C) for converting at least the most significant 
bit into the least significant bit of an output from 20 
said counter (C), and 

a comparator (E) connected to said bit order in- 
verter (D) and said second latch register (B) for 
comparing an output of said bit order inverter 25 
with an output of said second latch register (B) 
to output a logic value to set said sort processor 
in said first function (NM) when the value in said 
first latch register (A) is equal to or greater than 
that of said second latch register (B) and in said 30 
second function (MRG) when the value in said 
first latch register (A) is less than that of said 
second latch register (B). 



Patentanspruche 

1. Hochgeschwindigkeits-Mehrfach-blisch-sortierer 
mit einer Lauflangeabstimmeinrichtung, die umfaftt: 

40 

eine Vielzahl von Speichern (5, 6, 7, 8) zum 
Speichern von Eingabedaten, 



gabedaten und zum dadurch bewirkten Schal- 
ten des Sortierprozessors zwischen der ersten 
und der zweiten Funktion, 
dadurch gekennzeichnet, daB das Steuerdaten 
erzeugende Mittel (G) umfasst: 

erste und zweite Zwischenspeicherregister (A) 
und (B) zum Einspeichern der Information uber 
die Lange der Eingabedaten, wodurch der 
ganzzahlige Wert, der in dem ersten Zwischen- 
speicherregister (A) gespeichert ist, 2 e - 1 ist, 
und der ganzzahlige Wert, der in einem zweiten 
Zwischenspeicherregister (B) gespeichert ist, a 
ist, erhalten aus dem ganzzahligen Wert [2 d 
UX] = 2 e + a durch den d-ten Sortierprozessor, 
und wobei L die Lange eines Datensatzes vom 
Mischsortierer darstellt und X die Lange der Ein- 
gabedaten, die von auBerhalb zugefuhrt wer- 
den, wobei 0 < a < 2 e , 

einen Zahler (C), der mit dem ersten Zwischen- 
speicherregister (A) zum Speichern von Daten 
des ersten Zwischenspeicherregisters verbun- 
den ist, 

einem Bit-Reihenfolge-lnvertierer (D), der mit 
dem Zahler (C) gekoppelt ist zum Konvertieren 
wenigstens des meist-signifikanten Bits (MSB) 
in das niedrigst-signifikante Bit (LSB) einer Aus- 
gabe aus dem Speicher (C), und 

einem Komparator (E), der mit dem Bit-Reihen- 
folge-lnvertierer (D) verbunden ist und mit dem 
zweiten Zwischenspeicherregister (B) zum ver- 
gleichen einer Ausgabe aus dem Bit-Reihenfol- 
ge-lnvertierer mit einer Ausgabe aus dem zwei- 
ten Zwischenspeicherregister (B), um einen to- 
gischen Wert auszugeben, um den Sortierpro- 
zessor in die erste Funktion (NM) zu uberfuh- 
ren, wenn der Wert in dem ersten Zwischen- 
speicherregister (A) gleich oder groBer als der 
in dem zweiten Zwischenspeicherregister (B) 
ist, und in die zweite Funktion (MRG), wenn der 
Wert in dem ersten Zwischenspeicherregister 
(A) geringer als der des zweiten Zwischenspei- 
cherregisters (B) ist. 



Revendications 

1 . Trieur h interclassement en cascade k haute vitesse 
ayant un m6canisme de syntonisation de format, 
comprenant 

une pluralite de memoires (5, 6, 7, 8) pour stoc- 
ker des donnees d'entree, 

une pluralite de processeurs de triage (1 , 2, 3, 



eine Vielzahl von Sortierprozessoren (1 , 2, 3, 4), 
wobei jeder mit jedem der Speicher verbunden 45 
ist und eine erste Funktion (NM) besitzt zum 
Einspeichern und Ausgeben von Eingabedaten 
aus jedem dieser Speicher ohne Zusammenfu- 
gen und eine zweite Funktion (MRG) zum Zu- 
sammenfugen der Eingabedaten in vorgewahl- so 
ter Reihenfolge und Ausgeben der zusammen- 
gefugten Eingabedaten aus jedem der Spei- 
cher, 

einem Steuerdaten erzeugenden Mittel (G), das 5S 
mit den Sortierprozessoren (1 , 2, 3, 4) verbun- 
den ist zum Erzeugen von Steuerdaten auf 
Grund von Information uber die Lange der Ein- 
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4) respectivement connects auxdites memoi- 
res et ayant une premiere fonction (NM) pour 
stocker dans et emettre depuis chaque dite me- 
moire des donnees d'entree, sans interclasse- 
ment, et deuxieme fonction (MRG) pour inter- s 
classer tes donnees d'entree dans un ordre sp6- 
cifie et emettre lesdites donnees d'entree inter- 
class6es depuis chaque dite memoire, 

un moyen de production de donnees de com- 
mande (G) connects auxdits processeurs de 
triage (1 , 2, 3, 4), pour produire des donnees de 
commande en fonction d'informations concer- 
nant les longueurs desdites donnees d'entree 
et de maniere & commuter ledit processeur de 
triage entre lesdites premiere et deuxieme fonc- 
tions, 

caracterise en ce que ledit moyen de production 
de donnees de commande (G) comprend : 

des premier et deuxieme registres de memori- 
sation (A) et (B) pour stocker lesdites informa- 
tions concernant les longueurs desdites don- 
nees d'entree, de maniere que la valeur de 
nombre entier stockee dans le premier registre 
de memorisation (A) soit 2° -1 et la valeur d'un 
nombre entier stocked dans le deuxieme regis- 
tre de memorisation (B) soit a-,, obtenu & partir 
de la valeur d'un nombre entier [2 d L7X] = 2 e + 
a, par le d'® me processeur de triage, et dans le- 
quel L represente la longueur de donn6e etablie 
par le trieur k interclassement et X la longueur 
de donnees d'entree fournies depuis I'exterieur 
et 0 < a < 2 e , 

un compteur (C) connects audit premier registre 
de memorisation (A) pour compter les donnees 
dudit premier registre de memorisation, 

un inverseur d'ordre de bits (D) connects audit 40 
compteur (C) pour converter au moins le bit de 
poids le plus fort en le bit de poids le plus faible 
d'un signal de sortie provenant dudit compteur 
(C) et 

45 

un comparateur (E) connects audit inverseur 
d'ordre de bits (D) et audit deuxieme registre de 
memorisation (B), pour comparer un signal de 
sortie dudit inverseur d'ordre de bits k un signal 
de sortie du deuxieme registre de memorisation so 
(B), pour produire une valeur logique afin de pla- 
cer ledit processeur de triage dans ladite pre- 
miere fonction (NM), lorsque la valeur dudit pre- 
mier registre de memorisation (A) est superieu- 
re ou egale k celle dudit deuxieme registre de 55 
memorisation (B), etdans ladite deuxieme fonc- 
tion (MRG), lorsque la valeur dudit premier re- 
gistre de memorisation (A) est inferieur & celle 



15 



20 



25 



30 



8 

dudit deuxieme registre de memorisation (B). 
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